This paper presents a review of decision criteria reported in the literature for supporting the supplier selection process. The review is based on an extensive search in the academic literature. After a literature review of decision criteria, we discuss the most important criteria: quality. Then different methods and factors for assessing the quality of supplier are discussed. Results showed that all methods and factors mentioned in this paper are not appropriate tools for quality evaluation. Moreover, we propose a novel method (using loss functions) in order to assess the quality of suppliers.
Introduction
Nowadays companies hope to establish a longer-term working relationship with the suppliers. Therefore, supplier selection is one of the main parts of decisions in supply chain management. Because there are many suppliers with many criteria, so it is impossible to find the best way to evaluate and select suppliers. Therefore, in studies, scholars have used different methods, variables, criteria, and factors in order to select the suppliers.
Evaluation of suppliers is a process that leads companies to select their desired suppliers. This process has two main aims, which are to reduce all costs of purchasing and to increase the overall value of the purchasing [1] . Regarding to the costs of evaluating the suppliers (such as time and travel budget), companies basically evaluate those suppliers that have a good chance of qualifying for purchasing from them. In this process, formally, companies send expert teams to the supplier site, and with evaluating different criteria and factors, they will do an in-depth evaluation.
There are different steps that must be done in the process of supplier evaluation and selection [1] . As it is shown in Figure 1 , in order to evaluate and select the suppliers, companies must identify some important things such as methodologies, criteria, and problems (strategies). This paper focused on the literature review of criteria for supplier evaluation and especially the criteria related to the quality evaluation of suppliers.
Decision Criteria Formulation
Regarding to multicriteria decision-making concept of supplier selection problems, one of the main parts of this process is to define related factors and criteria. There are many criteria such as price, quality, and process capability and on time delivery, which can affect selecting the proper supplier. There are many studies since the 1960s about factors, which affect supplier selection. Roa and Kiser [2] , Ellram [3] , and Stamm and Golhar [4] mentioned 60, 18, and 13 criteria for supplier selection, respectively. Weber at al. [5] reviewed 47 articles in which more than one criterion was considered in supplier selection models. One crucial study, which was done by Dickson [6] , identified 23 different criteria evaluated in supplier selection.
This study was on the base of a questionnaire that was sent to 273 purchasing agents and managers from the United States and Canada. Their survey showed that price, delivery, and quality are three main factors, which are important for them. Weber et al. [5] also did a similar survey and concluded that price, delivery, quality, production capacity, and localization are the most important criteria. Although the evolution of the industrial environment modified the degrees of the relative importance of supplier selection criteria since the 1960s, the 23 ones presented by Dickson [6] still cover the majority of those presented in the literature until today. Ha and Krishnan [8] and Aissaoui et al. [9] investigated 31 main criteria which were related to supplier selection in the literature since 1966. In this study, we added some new studies and summarized them in Table 2 : A: Dickson [6] ; B: Wind et al. [10] ; C: Lehmann and haughnessy [11] ; D: Perreault and Russ [12] ; E: Abratt [13] ; F: Billesbach et al. [14] ; G: Weber et al. [5] ; I: Min and Galle [15] ; J: Stavropolous [16] ; K: Pi and Low [17] ; L: Pi and Low [18] , M: Teeravaraprug [19] ; N: Sanayei et al. [20] ; O: Parthiban et al. [21] ; P: Peng [22] ; Q: Bilişik et al. [23] ; R: Tektas and Aytekin [24] ; S: Li [25] ; T: Betül et al. [26] ; U: Mehralian et al. [27] .
Assessing the Quality
Quality is one of the main criteria for supplier evaluation and supplier selection. As it showed in Table 1 , among 23 criteria, quality was the main criterion for supplier evaluation [6] . Holjevac [28] defined quality as follows:
(i) quality refers to the ability of a product or service to consistently meet or exceed customer's expectations;
(ii) quality means getting what you have paid for;
(iii) quality is not something that is adopted as a special feature; instead, it is an integral part of a product or service.
Assessing quality as one of the main factors for supplier selection is so important. In order to assess the quality, there are many factors and methods that can be used. There are a lot of literatures which have been accumulated on the subject of vendor evaluation and selection models, and in order to evaluate quality, most of these models have used rate of rejects [20, 29, 30] , while rate of rejects cannot present the quality appropriately. In a recent study, Lee [31] used yield rate in order to evaluate the quality. In the next chapter, it is mentioned why the rate of rejects or yield rate are not appropriate tools for assessing the quality.
Some scholars integrated some factors in order to evaluate the quality. Teng and Jaramillo [32] integrated continuous improvement programs, quality of customer, support services, certifications, and percentage on time shipment. In another study, Hou and Su [33] defined a quality index with integration of technical and design level, ease of repair, and reliability. Xia and Wu [34] used just technical and design level, and reliability in order to evaluate the quality. These factors also cannot present the core of quality level of products.
Process capability indices are appropriate and suitable indices in order to evaluate the quality, but presenting them as cost are so complicated, so some scholars presented an innovative qualitative method with the integration of process capability indices and other factors.
In the other hand, some scholars have used process capability indices in order to evaluate the quality. Tseng and Wu [35] considered the problem of selecting the best manufacturing process from some available processes based on the "precision" capability index and have proposed a modified likelihood ratio (MLR) selection rule. They prepared some tables of the sample size and of the critical values for selecting the best manufacturing by controlling the probability based on the proposed MLR selection rule. Moreover, in case a nonnormal symmetric distribution, Tseng and Wu [35] used simulation to examine the robustness of the selection rule. Their results showed that the proposed modified likelihood ratio selection rule is acceptable for nonnormal symmetric process distributions.
Chou [36] developed an approximate method for selecting a better supplier based on one-sided capability indices and when the sample sizes are the same, which deals with comparing two one-sided processes and selects better one with the higher process yield. Pearn et al. [37] investigated the selection power analysis of the method via simulation and process capability. Huang and Lee (1995) proposed a model for selection a subset of processes containing the best supplier from a given set of processes. Under the circumstances, a search for the larger which are used to provide a measure of the process performance is equivalent to a search for the smaller 2 [38] . The selection method proposed by Chou [36] utilized some approximating results but provide no indication on how one could further proceed with selecting the better supplier by testing process capability index or . Pearn et al. [37] investigated the selection power analysis of the method via simulation. The accuracy analysis provides useful information regarding the sample size required for designated selection power. To render this method practical for in-plant applications, a two-phase selection procedure is developed by Pearn et al. [37] to select the better supplier and examine further the magnitude of the difference between the two suppliers [38] .
There are some innovative research with the integration of process capability and other factors in order to select the [7] presented CPC chart for supplier selection problem ( Figure 2 ). The CPC chart integrates the process capability and price information of multiple suppliers and presents them in a single chart. It provides a simple and useful method to consider quality and price simultaneously in the supplier selection process. However, this chart uses index, while we know that this process capability index is not a proper index to evaluate quality. In order to evaluate supplier, Linn et al. [7] considered some factors such as quality, on-time delivery, price, and service, but the strategy is not clear if the purchase department wants to buy many kinds of materials from one supplier. It means in this case that some other factors must be considered, because purchase department always wants to buy all materials from one or two suppliers, so the shipment cost also will be decreased. Similarly Zhu [39] established a suppliers capability and price information chart (SCPIC) (Figure 3 ) focused on the case where the specification limits are symmetric about the target for evaluating supplier performance which applies the process incapability index to measure supplier quality performance.
Assessing quality as one of the main factors for supplier selecting is so important. In order to assess the quality there are many factors and methods that can be used. There are a lot of literatures accumulated on the subject of vendor evaluation and selection models, and in order to evaluate quality, most of these models have used rate of rejects [20, 29, 30] , while rate of rejects cannot present the quality appropriately. In a recent study, Lee [31] used yield rate in order to evaluate the quality. There are few studies about the usage of loss functions in order to selection the suppliers. In these studies, scholars just have used the concepts of loss function in order to weigh the criteria. Pi and Low [17] used Taguchi loss [42] and assumed 3% defective products as the standard rate of rejects, and the quality could be calculated with Taguchi loss function and [19] ; N: Sanayei et al. [20] ; O: Parthiban et al. [21] ; P: Peng [22] ; Q: Bilişik et al. [23] ; R: Tektas and Aytekin [24] ; S: Li [25] ; T: Betül et al. [26] ; U: Mehralian et al. [27] .
Journal of Quality and Reliability Engineering this target value. In another study, they [18] continued their research and proposed an AHP method in order to select the final supplier. Teeravaraprug [19] proposed a new model for outsourcing and vendor selection based on Taguchi loss function. In this interesting study loss, the function was used in order to calculate the quality rate, but in its methodology Taguchi loss function was used for just weighting the different rates, and again in order to calculate the quality, just rate of rejects assumed. Summary of the main studies in this area is shown in Table 3 .
Regarding to fierce worldwide competition, quality turned to be one of the main factorsdwhich directly affects the supplier selection decision. As stated in the literature review, quality can be assessed by methods categorized in two different groups. The first group consists of qualitative methods such as continuous improvement programs, quality of customer and support services, certifications, technical and design level, capability of handling abnormal quality, and ease of repair. The second group consist of quantitative methods including reliability, rate of rejects, yield rate, process capability indices, and loss functions.
Since qualitative methods can evaluate just one aspect of an organization but cannot evaluate the whole production process, they are not suitable methods for assessing the quality of a process. For example, one product of an organization may have a bad quality, but the recent top manager of the organization has taken the basic decision to implement some continuous improvement programs. Continuous improvement programs help to enhance the quality, but they cannot guarantee the quality of the current products. There are some quality certifications, such as ISO 9000, focused on the quality management in organizations. These quality systems can be chosen in order to assess the quality of an organization, but they cannot be an appropriate representative of the quality of the products. For example, Reimann and Hertz [44] stated that ISO registration does not necessarily mean the following words: (1) good or improving product quality, (2) satisfaction of customer's needs, (3) comparable levels of product quality among registered companies, (4) better quality than nonregistered companies, and (5) good or improving productivity, responsiveness, competitiveness, or workforce development. Moreover, Juran [41] acknowledged that a comprehensive quality system defined by ISO standards has a degree of merit, but the certification alone will not enable companies to attain world-class quality.
Quality of customer and support services is another criterion in order to evaluate the quality of suppliers. This criterion is a sign of implementing customer-based systems in organizations, but customers just with considering this factor cannot assure the quality of the products. Some organizations may show off their responsibility and hide their weak points with a flashy customer and support service.
Technical and design level is another criteria, which is used for assessing the quality in some studies. Technical and design level helps organizations to produce products with better quality, but for multiproduction organization, it is hard to assess whether high technical and design level has an effect on the quality of a specific product or not. Also, in assembly organizations, the technical and design level cannot guarantee the product quality. Since nowadays customers often tend to replace the defective products or defective parts, the product, or one part of it, repairing has missed its position in the term of quality. So the item "ease of repair" is not an appropriate criterion for quality assessment.
Capability of handling abnormal quality products is another qualitative method, which is important but cannot guarantee the quality of products. Nowadays, some new approaches such as zero defects which rely on the zero rates of rejects are emerging, so organizations, instead of focusing on problems of abnormal quality products such as handling of them, focus on low rate of rejects. On the other hand, a supplier can have a bad quality of products, but a good service for handling abnormal quality products.
The second group of quality assessment methods consists of quantitative methods. The quantitative methods also have some weak points. For example, some studies evaluated the reliability of products instead of assessing the quality. Reliability is defined as the probability that a product will successfully perform without any failure, under specified environmental conditions, for a specified period of time [45] . In this definition, there is not a distinction between a product, which its quality specifications are really close to the target, and an accepted product, which its quality performance is far from the target. Ramakrishnan et al. [43] presented an example of solder bump failures in assembly process (Figure 4 ). They showed a high process capability index, but actually the rate of rejects is high and consequently the reliability is low.
The example of Ramakrishnan et al. [43] showed that process capability indices also have some weak points in order to evaluate the quality of products. Moreover, Perakis and Xekalaki [46] illustrated that process capability indices such as , , and do not have a direct relationship with the conformance proportion of the process.
Rate of rejects is one of the main methods for assessing the quality. This method selects the supplier with least rate 6 Journal of Quality and Reliability Engineering of rejects. This is a good quantitative method for assessing the quality, but it cannot be useful in case of similar rate of rejects. For instance, suppose that two samples were selected from suppliers A and B. Each Sample consisted of 10 parts. Suppose that for both samples, eight quality characteristics fall within specification limits (LSL, USL), as stated in Figure 5 . Regarding to rate of rejects method, there is no any differences between them because rate of rejects of supplier A = rate of reject of supplier B = 0.2, but Figures 5 and  6 show that there is a significant difference between them and process A has a better quality.
Yield rate is an opposite concept to rate of rejects and behaves the same. Similarly based on Figures 5 and 6 , it is concluded that yield rate of both processes is the same (80%), but there is a significant difference between them.
On time shipment percentage similarly presents a quality factor, which is indirectly related to the quality of products. On time shipment deals with delivery, and it does not take into account the quality. Finally, in some studies, scholars in order to assess the quality have used the loss functions. Since loss functions take into account all samples and also have a significant relation with loss, they seem to be appropriate and reliable functions for evaluating the quality of suppliers. However, as stated in the literature review, the studies which are based on loss functions also have some weak points. For example, Pi and Low [17] who used Taguchi loss function actually used the rate of rejects and assumed 3% defective products as the standard rate of rejects. Moreover, in the methodology of Teeravaraprug [19] , Taguchi loss functions were used for just weighting the different rates, and again in order to calculate the quality, just rate of rejects, assumed.
Conclusion and Suggestions for Future Research
There are many supplier selection methods based on different criteria that were employed for solving the supplier selection problems. This paper presented a review of decision criteria reported in the literature for supporting the supplier selection process. The review was based on an extensive search in the academic literature. Therefore, all different criteria related to supplier selection were reviewed. Quality is the most important criteria for supplier selection [6] . The methods for assessing the quality can be divided to two main categories: qualitative methods and quantitative methods. In this paper it was shown that all qualitative methods and quantitative methods can evaluate just one aspect of an organization, but cannot evaluate the whole production process; they are not suitable methods for assessing the quality of a process. Therefore, these methods have some weak points and are not appropriate tools to assess the quality. In fact, the objective functions of these methods are not realistic objects.
The suggestion of this paper for quality evaluation is the use of loss functions. Among the numerous methods that have been proposed for assessing the supplier, loss functions such as Taguchi loss function without any range are considered one of the most effective techniques for identifying quality parts. Quality loss functions are more reliable and precise functions in order to assess the quality. There are few studies such as Teeravaraprug [19] and Pi and Low [17] that used loss functions in order to evaluate the quality, but actually they have used some definitions such as weighting or ranges. This study proposes the use of loss functions without any range and weight in order to evaluate the quality of the suppliers.
